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(57) It is to provide a nrujitilayer printed circuit board 
having excellent resolution, interlaminar insulation prop- 
erly and resistance to cool-heat shock without farming 
unevenness on the surface and lowering peel strength 
even if the thickness of the resin insulating layer is thin. 
The invention proposes a multilayer printed circuit board 
comprising an upper conductor circuit layer, a lower 
conductor circuit layer and a resin insulating layer elec- 
trically insulating both the corductor circuit layers, in 
which the resin insulating layer is a composite laye-^ 
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comprised of an insulating layer made from a heat- 
resistant resin hardly soluble in acid or oxkizing agent 
as a lower layer and an adhesive layer for electrotess 
plating made from a heat-resistant resin as an ifjper 
layer, and if necessary, a resin is filled in a concave por- 
tion created between conductor circuits of the \OHef 
layer so as to render tt>e surface into the same plane as 
the sudace of the conductor circuit. 
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Description 

TECHNICAL FIELD 

I 

t 

' This invention relates to a multilayer printed circuit board and a method of producing a multilayer printed circuit 
board, and more particularly it proposes a structure 6f a resin insulating layer suitable for the provision of a multilayer 
printed circuit board having an improved interlaminar insulation property and a method of producing the same. 

BACKGROUND ART ' 

As the multilayer printed circuit board, there is a buiid-up multilayer printed circuit board in which a conductor circuit 
and a resin insulating layer are atternately built-up arxi an inner circuit layer and an outer circuit layer are electrically 
connected to each other through viaholes or the like. This buiW-ip'multilayer printed circuit board is generally manufac- 
tured by a method wherein a layer of the conductor circuit is formed in a position closest to a substrate by a subtractive 
process and then a plurality of conductor circuit layers are lamiriated on the conductor circuit layer by an additive proc- 
ess. 

The subtractive process is a method of forming the conductor circuit by subjecting a surface of a copper lined lam- 
inate to an etching treatment and can cheaply form the conductor circuit layer having a high reliability. 

The additive process is a method wherein an adhesive for'electroless plating is applied onto a substrate such as 
glass epoxy or the like to form a resin insulating layer and then the resin insulating layer is roughened and a plating 
resist is formed on the roughened surface and then a metal for conductor circuit is applied thereto by electroless plating. 
According to this method, the conductor circuit is formed on the roughened resin insulating layer through the plating a 
the like, so that the excellent adhesion property therebetween can be ensured and hence there can be manufactured a 
printed circuit board in which the conductor circuit hardly peels from the resin insulating layer. 

In the multilayer printed circuit board, when the innermost conductor circuit is formed by the subtractive process, 
concave portion is caused between the conductor circuits formed by the etching treatment. Therefore, when the resin 
insulating layer is formed on the wiring substrate having the concave portion between the conductor circuits, as shown 
in Fig. 4(a). the surface of the resin insulating layer becomes uneven and hence there is caused a problem that the via- 
hole shape formed in the resin insulating layer and junction pad are deformed to cause poor mounting. 

Concretely, the resin insulating layer formed in a large area portion of the conductor circuit becomes thicker as 
compared with the resin insulating layer formed in a small area portion of the conductor circuit. As a result, the exposure 
and development cqnditions of the viahoie vary in accordance with the thickness of the resin insulating layer, so that 

(3). When the exposure and development conditions are matched with the thin portion of the resin insulating layer, 
a developing residue is created in the viahoie formed in the thick portion of the resin insulating layer to close the 
opening of the viahoie and hence the connection to a wiring layer arranged on the upper layer becomes incomplete 
(see Fig. 4(b)). 

(g). When the exposure and development conditions are matched with the thick pation of the resin insulating layer, 
the insulating material is peeled from the vicinity of the viahoie formed in the thin portion of the resin insulating 
layer, which results in the poor insulation (see Rg. 4(c)). 

On the other hand, the resin insulating layer being inevitable in the above additive process is generally formed by 
simply applying one kind of the resin composition. However, as the printed circuit board is recently used in various 
fields, it is very difficult to form the resin insulating layer so as to exhibit excellent application adaptability in all fields. 
Lately, the resin insulating layer constituting the printed circuit board tends to become thinner in accordance with the 
high performance and high densification of electric parts, which is difficult to ensure the insulating property between the 
conductor layer and another conductor layer and hence resuKs in the lowering of reliability in the multilayer printed cir- 
cuit board. 

Furthermore, the surface of the resin insulating layer is roughened by using an acid or an oxidzing agent and dis- 
solving and removing particles of heat-resistant resin soluble in the oxidizing agent or the like, vi^hich are dispersed in 
heat-resistant resin hardly soluble in the oxidising agent or the like. However, if aggregation or the like is caused in the 
heat-resistant resin particles to be dissolved and removed, the depth of the roughened layer is not constant. Particu- 
larly, when the resin insulating layer is thin, the deptii of the roughened layer may anrive at the thickness of the resin 
insulating layer and hence the interlaminar insulation property naturally required in the resin insulating layer considera- 
bly lowers. 

It is a main object of ttie invention to provide a new structure of a resin insulating fayer capable of providing a nti- 
tilayer printed circuit board having an excellent interlaminar insufation property without lowering the peel strength even 
if the thickness of the resin insulating layer is thin. 

It is another object of the invention to provide a multilayer printed circuit board having an excellent resolution capa- 
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ble of conducting exposure and development treatments unjer same conditions without forming unevenness on the 
surface even i1 an innermost layer of conductor circuits is foroied by an etcfiing treatment through the suotractive proc- 
ess as well as a method of producing the sarrte. • 

It is the other object of the invention to provide a multila) printed circuit board having excellent resolution, inter- 
5 laminar insulation property and resistance to cool and heat sr locks. 

DISCLOSURE OF THE INVENTION 

t 

The inveiitors have nriade various studiek in order to acfiieve the above objects. As a resuft, the inventors have 
10 found that it is effective to achieve the above niain object whei . the resin insulating layer is constructed with a connposite 
film comprising at least two layers of an adhesive layer foi electrotess plating contributing to improve an adhesion 
strength to conductor and an insulating layer contributing to i(>iprove an interlanrtinar insulation property. 

Furthermore, the inventors have found that rt is effeotve to achieve the above another object when a resin 
smoothening a surface of a substrate is filled between cond..ctor circuits formed by the subtractive process and sub- 
15 jected to a polishing, if necessary. 

The invention is based on these Knowledges arxi constrii wied as follows: 

(1) A muttliayer printed circuit board comprising an upper .;or»ductor circuit layer, a lower conductor circuit layer and 
a resin insulating layer electrically insulating both the con luctor circuit layers, characterized in that said resin wtsu- 

20 fating layer is comprised of a composite' layer con^istincj of an insulating layer made from a heat-resistant resin 
hardly soluble in acid or an oxidizing agent as a lower lay^r artd an adhesive layer for electroless plating niadefrom 
a heat-resistant resin as an upper layer. 

(2) In the invention described in the item (1). the insulatin j layer is preferable to contain a thernnoplastic resin. 

(3) In the invention described in the item (1), the insulating layer is preferable to be a heat-resistant resin containing 
25 an organic resin filler hardly soluble in the add or oxidizii agent. 

(4) In the invention described in the item (1). the adhesive, layer is preferat^le to be an adhesive formed by dispers- 
ing particles of a heat-resistant resin soluble in the acio or oxidizing agent into a matrix of a heat-resistant resin 
hardly soluble in the acid or oxidizing agent. 

(5) In the invention described in the item (1). it is preferable that the adhesive layer has a thickness of 10-50 and 
30 the insulating layer has a thickness of 10-100 ^m. 

(6) In the invention described in the item (3). rt is tavprabL that the organic resin filter is particles of a heat-resistant 
resin hardly soluble in the acid or oxidizing agent and has a maximum particle size corresponding to not more than 
8/10 of the thickness of the insulating layer and an average particle size corresponding to not more than 1/2 of the 
thickness of the insulating layer. ^ 

35 (7) In the Invention desaibed in the item (3). it is favorable that a filling amount of the organic resin filler is 10-100 
parts by volume per 100 parts by volume of the heat-resi:^tant resin. 

(8) In the invention described in the item (3). it is favorable that the organic resin filler is nnade from at least one resin 
selected from the group consisting of epoxy resin, benzojuanamine resin, styrene resin, divinylbenzene resin and 
polyimide resin. 

40 (9) It is desirable that particles of a heat-resistant resin soluble in the acid or oxidizing agent and having an average 
particle size of 0. 1 -0.6 ^m are dispersed into the insulatii <g layer as the lower layer 

(10) A multilayer printed circuit board conprising an upi >er conductor circuit layer, a lower conductor circuit layer 
and a resin insulating layer electrically insulating both thu conductor circuit layers, characterized in that said bwer 
conductor circuit layer is formed by etching a substrate pi ovided with a conductor layer to renxtve a conductor use- 

45 less portion therefrom, and a resin is filled in a concave f ortion formed by removing the conductor useless portk)n 
so that the surface of the resin is same as the surface of ihe lower conductor circuit layer. 

(1 1) In the invention described in the item (10). it is prefe. atDle that the resin filled in the concave portion fomned by 
renrx>ving the conductor useless portion is a cured product of non-solvent resin. 

(12) In the invention described in the item (10). it is prefe. able that the resin filled in the concave portk)n fornned by 
so removing the conductor useless portion contains a ceran lic filler. 

(13) A multilayer printed circuit board comprising an upper conductor circuit layer, a lower conductor circuit layer 
and a resin insulating layer electrically insulating both thu conductor circuit layers, characterized in that said loMrer 
conductor circuit layer is formed by etching a substrate pi ovided with a conductor layer to remove a conductor use- 
less portion therefrom, and a resin is filled in a concave (portion formed by renmving the conductor useless portk)n 

55 so that the surface of the resin is same as the surface of [he lower conductor circuit layer, and said resin insulating 
layer is comprised of a corrposite layer consisting of an irisulating layer made from a heat-resistant resin hardly sol- 
uble in acid or an oxidizing agent as a lower layer and ai i adhesive layer for electroless plating made from a heat- 
resistant resin as an upper layer, and said upper conductor circuit layer is formed on said adhesive layer constitut- 
ing the upper layer of said resin insulating layer 
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(14) In the invention described in the item (13), it is preferable that the resin filled in the concave portion formed by 
renxving the conductor useless portion is a cured product of non-solvent resin. 

(15) In the invention described in the item (13), it is preferable that the resin filled in the concave portipn formed by 
renioving the conductor useless portion contains a ceramic filler . 

5 (16) ft is desirable that particles of a heat-resistant resin soluble in the* acid or oxidizing agent and having an aver- 
age particle size of 0.1-0.6 are dispersed in the insulating layer of the item (13). 

(17) A method of producing a multilayer printed circuit board comprising an upper conductor circuit layer, a lower 
conductor circuit layer and a resin insulating layer electrically insulating both the conductor circuit layers, which 
compiises the following steps (a) - (e): 

TO 

(a) a step of forming said lower conductor circuit layer by etching a substrate provided with a conductor layer 
to remove a conductor useless portion therefrom; 

(b) a step of applying a resin to the substrate having a concave portion formed by removing the corxJuctor use- 
less portion arxj then curing the resin; - 

15 (c) a step of polishing the cured resin of the step (b) till the lower conductor circuit layer is exposed; 

(d) a step of forming said resin insulating layer; 

(e) a step of forming said upper conductor circuit layer on S'vd resin insulating layer. 

I ' 

(18) In the invention described in the item (1 7), it is preferat>le that said resin insulating layer formed in the step (d) 
20 is a composite layer consisting of an insulating layer made from a heat-ree.iRlant resin hardly solul^le in acid or an 

oxidiztng agerit as a lower layer and an adhesive layer for eled^oless plating made from a heat-resistant resin as 
an upper layer. 

(19) It is desirable that particles of a heat-resistant resin soluble in the acid or oxidizing agent and having an aver- 
age particle size of 0.1-0.6 yim are dispersed in the insulating layer of the item (18). 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a schematically sectional view illustrating an embodifnent of the resin insulating layer in the multilayer 
printed drcuit board according to the invention. Fig. 2 is a schematically sectional view illustrating another embodiment 

30 of the resin insulating layer in the multilayer printed circuit board c.ccording'to the invention. Fig. 3 is a flow chart show- 
ing the production of the multilayer printed circuit board according to the invention in Example 1 0. Fig. 4 is a partial sec- 
tion view Qlustrating a forming state of the resin insulating layer, wherein (a) shows a case that the thickness of the 
insulating layer t>ecomes thick as the conductor area becomes large, (b) shows a state of an opening for viahole when 
the exposure and development conditions are matched with a thin portion of the resin insulatirtg layer, and (c) shows a 

35 state of an opening for viahole when the exposure and development conditions are matched with a thick portion of the 
resin insulating layer. Fig. 5 is a diagrammatic view illustrating a step of forming the viahole when finer resin particles 
soluble in an add or oxidizing agent are dispersed in an insulating layer as a lower layer. 

Here, numeral 1 is a substrate. 2 an insulating layer. 3 an adhesive layer. 4 a plating resist. 5, 6 and 7 plated films 
(conductor layer, corxluctor pattern). 5' and 6' plated films requiring interiaminar insulation (conductor layer, conductor 

40 pattern), 8 an opening for viahole. 9 a viahole (BVH). 10 an organic resin filler, 1 1 a heat-resistant resin particle, 12 a 
copper foil. 13 a through-hole, and 1 4 a filling resin. 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 A first feature of the invention lies in a point that the resin insul-Uing layer is rendered into a composite of a lower 
layer and an upper layer and the lower layer is constructed with an unroughenable insulating layer made from a heat- 
resistant resin hardly sdutDle in the add or oxidizing agent, preferably an insulating layer made from a heat-resistant 
resin containing an organic resin filler hardly soluble in the acid or oxidizing agent and the upper layer is constructed 
with a roughenable adhesive layer for etectroless plating made from a heat-resistant resin, preferably an adhesive layer 

50 made from a heat-resistant resin containing heat-resistant resin particles soluble in the acid or oxidizing agent (see Fig. 
1 and Fig. 2). 

According to such a resin insulating layer, the lower layer is the unroughenable insulating layer made from the heat- 
resistant resin hardly solutsle in the acid or oxidizing agent, preferably the insulating layer made from the heat-resistant 
resin containing an organic resin filler hardly solutHe in the acid or oxidizing agent, so that even when the thickness of 
55 the resin insulatir)g layer is thin, the roughening does not arrive at the lower layer due to the promotion' thereof and 
hence the improvement of the interiaminar insulation property of the printed circuit board can be improved. On the other 
hand, in the resin insulating layer according to the invention, the upper layer is the roughenable adhesive layer for elec- 
trdess plating made from the heat-resistant resin, preferably the roughenable adhesive layer made from the heat-resist- 
ant resin containing heat-resistant resin particles soluble in the acid c»r oxidizing agent, so that clear anchors are formed 
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by roughening and hence a i ugh conductor adhesion density (peei strength) can be obtained. 

Moreover, the heat-resi..tant resin particles soluble in the acid or oxidizing agent constituting the adhesive layei 
may take varibus shapes such as particulate shape, hollow shape, broken piece arKl the like. Preferably, they are 
selected from 0 particles having an average particle size of not more than 10 ^m. @ aggregate particle having an 
5 average particle size of 2-10 obtained by aggregating heai-resistant resin powder having an average particle size 
of not more than 2 rim. @ n.ixture of hjeat-resistant resin powder having an average particle size of 2-10 and heat- 
resistant resin powder havin^ j an average particle size of not more than 2 ^im, and @ false particles obtained by adher- 
ing at least one of heat-resisiant resin powder having an average partide size of not more than 2 jim and inorganic pow- 
der having an average particle size of not more than 2 iimto surfaces of heat-resistant resin powder having an average 
10 particle size of 2-10 m^i When the average particle size exceeds 10 ^m. the anchor becomes deeper and hence so- 
called fine pattern of not moi e than 1 00 ^m can not be formed, while when the average particle size is less than 2 \im, 
clear anchor cari not be forn.cd. Anrong the above (J)-®,' the resin particles ®-® are particularly desirable. Because 
they can form complicated anchors and improve the peel strength. 

The compounding amount of the heat-resistant resin particles is desirable to be 5-100 per 100 of resin solid content 
15 of the heat-resistant resin matrix on a weight ratio. When the weight ratio is less than 5, the dear anchor can nc^ be 
formed, while When it exceecis 100. the kneading is difficult and the amount of the heat-resistant resin matrix is relatively 
decreased to lower the strength of the adhesive layer. 

Moreover, the anchor reoess formed on the surface of the adhesive layer is desirable to have an average depth of 
not more than 15 ^im, whereby the conductor pattern can be rendered into a fine pattern of not more than 
20 US = 60/50 nm . ' 

On the other harKl. in the resin insulating layer of the above structure according to the invention, the insulating layet 
of the lower layer is possible to be made from only the heat-resistant resin without using the organic resin filler. In this 
case, the developing residue created in the development can be suppressed and the rejection rate can be deaeased. 
And also, it is favorable to include the thermoplastic resin in the insulating layer constituting the resin insulating 
25 layer according to the invention because the cracking hardly occurs in the adhesive layer or viahole porton owing to the 
flexibility inherent to the thei . noplastic resin. 

The insulating layer comaining the thernioplastic resin is particularly desirable to be made from a resin composite 
of a thermosetting resin (a part of thernriosetting group may be substituted with a photosensitive group) and a thernx)- 
plastic resin. Because, the acid resistance arid the resistance to oxidizing agent are ensured by the rigid skeleton erf the 
30 thernrtosetting resin and the toughness is ensured by the flexibility of the thermoplastic resin, whereby there can be 
obtained a drcuit board strong to heat cyde or the tike. As the thermosetting resin constituting the resin composite^ use 
may be made of phenolic resin, amino resin such as melamine resin or urea resin, epoxy resin, epoxy-nxxjified pdyim- 
ide resin, unsaturated polyester resin, polyimide resin, urethane resin, diallylphthalate resin and the tike. Particularly, 
novoiac type epoxy resin such as phenol novolac, aesol novolac or the tike is preferable as the epoxy resin because it 
35 has a rigid skeleton through the an-angement of benzene rings and is excellent in the resistance to oxidizing agent and 
the acid resistance. As the thermoplastic resin, use may be made of polyether sulphone. polysulphone. phenoxy resin 
polyether imide. polystyrene, polyethylene, pplyarylate, potyamidoimide, polyphenylene sulfide, polyether ether ketone, 
polyoxybenzonate, polyvinyl chloride, polyvinyl acetate, polyacetal. poiycartonate and the like. Particularly, polyethei 
sulphone is favorable in view of toughness and compatibility with epoxy resin. 
40 As mentioned above, the resin insulating layer according to the inventbn is the structure of the layer cooposite con 
sisting of the adhesive layer as an upper layer and the insulating layer as a lower layer, in which these layers allot func- 
tion of bearing the adhesion of corvjuctor and function of bearing the insulation between conductors to each, so thai 
even if the resin insulating layer is thin, there can be stably provided printed circuit boards simultaneously satisfying 
excellent peel strength and interlaminar insulation property. 
45 In the resin insulating layer according to the invention, it is preferable that the thickness of the insulating layer as 
the lower layer is 10-100 When the thickness of the insulating layer is less than 10 ^m. the function as the resiri 
insulating layer is apt to be insuffident. while when the thickness of the insulating layer exceeds 100 |im. the resin insu 
lating layer is formed at a thickness larger than the required level and is unecononnical. 

The adhesive layer as an upper layer is preferat>le to have a thickness of 10-50 ^m. Because, the roughened 8ur- 
so face having a sufficient thickness can be brmed when the thickness of the adhesive layer is not less than 10 ^m, and 
the function as the adhesive can effectively be developed when the thickness of the adhesive layer is within a range of 
10-50 nm. 

Furtherrfiore. the amount of the organic resin filler filled in the insulating layer as the bwer layer is favorable to be 
10-1 00 parts by volume based on 100 parts by volume of the heat-resistant resin. Because, when the amount i8 within 
55 the above range, the viscosity in the application can be maintained to a preferable range and the resin layer having a 
uniform thickness can easily be formed. 

The organic resin filler is heat-resistant resin particles hardly soluble in the acid or oxidizing agent, which are pref- 
erable to have a nnaximum partide size corresponding to not nxxe than 8/1 0 of the thickness of the insulating layer and 
an average partide size corresponding to not more than 1/2 of the thickness of the insulating layer, and are more favo- 
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raWe to have a maximum particle size corresponding to not more than 1/2 of the thickness ot the insulating layer and 
an average particle size corresponding to not more than 1/3 of the thickness of the insulating layer. Because, when the 
maximum particle size exceeds 8/10 of the thrckness of the insulating layer, the cracks dividing the insulating layer are 
apt to be caused. 

5 When the heat-resistant resin particle hardly soluble in the acid or oxidizing agent is a heat-resistant resin particle 
hardly soluble in the acid, epoxy resin can be used (the use of imidazole curing agent, acid anhydride cured product or 
the Ske). In case of heat-resistant resin particle hardly solut)le in the oxkJizing agent, there can be used resin particles 
of benzoguananrtlne resin, styrene resin, divinyibenzene resin, polyimide resin or the like. 

Moreover, it is considered that inorganic filler is used instead of the organic resin filler. However, when the inorganic 

10 filler is used, the reflection of the exposed light may be diffused by the inorganic filler, so that there is undesirably 
caused a new problem that the resolution of the resin insulating layer is lowered in the formation of viahole (BVH). 

An importarrt feature of the Invention lies in a point that when a certain acid or oxidizing agent is used, the lower 
layer is formed by dispersing the heat-resistant resin particles insoluble in the acid or oxidizing agent Into the hardly sol- 
uble heat-resistant resin and the upper layer is formed by dispersing the heat-resistant resin particles soluble in the acid 

15 or Qoddiz'ng agent into the hardly soluble heat-resistant resin. Particularly, when the heat-resistant resin particles filled 
in the tov/er layer and upper layer have a thermal expansion coeffidenl lower than that of the heat-resistant resin as a 
substrate, the resistance to cooling-heating shock in the printed circuit board can be improved. 

In the invention, there is proposed the insulating layer as a lower layer having such a structure that heat-resistant 
resin particles soluljle in acid or oxidizing agent arxi having an average particle size of 0.1-0.6 ^m are dispersed into 

so the heat-resistant resin hardly soluble in the acid or oxidizing agent as another method of preventing electric conduction 
between the upper conductor circuit layer and lower conductor circuit layer due to the excessive roughening of the resin 
insulating layer. 

Accrxding to such a structure, the fine resin particles dispersed in the resin matrix and having an average particle 
size of 0 1-0.6 nm do not communicate with each other through the roughening treatment and also poor insulation is 

2S not caused even in the roughening. Furthermore, the fine resin particles are less in the diffused reflection of the 
exposed light and hence are excellent in the resolution. And also, when the interlaminar insulating layer (the adhesive 
layer and tfie insulating layer) is subjected to a light exposure and development, there may be created the poor devel- 
opnnent (development residue) of the interlaminar insulating layer resulted from poor adhesion of the developing solu- 
tion (see Rg. 5(a)). In this case, when fine resin particles dissolving in the acid or oxidizing agent are existent in the 

30 insulating layer, if the poor development is caused, these fine resin particles are dissolved at the step of the roughening 
treatmert with the acid or oxidizing agent and hence the resin matrix nr>ay be dissolved and broken to remove the 
remaining resin (see Fig. 5(b)). On the thus formed side wall of the opening.for viahole are formed fine anchors in addi- 
tion to th9 arKhor on the adhesive layer of the upper layer when the fine resin particles dissolving in the add or oxidizing 
agent are dispersed in the insulating layer of the lower layer, so that the adhesion strength of the viahole is more 

35 improved (see F»g. 5(c)). However, when the fine resin particles have an average particle size of less than 0.1 ^m, the 
anchor effect or the effect of rennoving the development residue is not caused, while when the average particle size 
exceeds 0.6 ^im, the excessive roughening may be created to cause the electric conduction between the upper and 
lower conductor circuit layers. Therefore, the average particle size of the resin particles is desirable to be 0.1-0.6 \sm. 
In the resin insulating layer according to the invention, the heat-resistant resin used in the production of the printed 

40 circut beard is constituted by properly compounding a thernwsetting resin, a thermosetting resin partly provided with a 
photosensitivity, a photosensitive resin, a resin composite of thermosetting resin or photosensitive resin and thermo- 
plastic resin, a photoinitiator, a phctoinitiator prorrroter, a curing agent and the like and added with heat-resistant resin 
fine partides, if necessary 

4 

45 (1) As the thermosetting resin, there is preferably used at least one resin selected from phenolic resin, amino resin 
such as melamine resin or urea resin, epoxy resin, epoxy-modified polyin-wde resin, unsaturated polyester resin, 
poly mide resin, urethane resin, diallylphthalate resin, allyl resin and urea resin. 

(2) As the thernx)setting resin partly provided with a photosensitivity, there is preferably used a partly acrylated 
pherK>l rwolac type epoxy resin or cresol novolac type epoxy resin. Moreover, the acrylation is carried out by react- 
so ing the epoxy resin with acrylic acd. methaaylic add or the like. The aqrylation ratio means a percentage of a por- 
tion of the epoxy group reacted with acrylic add or methacrylic acid and may easily be changed, if necessary 

(3) /ks the photosensitive resin, there are preferably used the cortventiorially known single-functional , or multifunc- 
tional photosensitive resins such as acrylic resin, tripropyl^ne glycol diacrylate, trimethylol propane triacrylate. pen- 
taer:/thritol triacrylate. polyethylene glycol diacrylate, epoxy acrylate and the like. 

55 (4) As the thermoplastic resin, there is preferably used at l^ast one resin selected from polyether sulphone. polysul- 
phone, phenoxy resin, polyether imide, polystyrene, polyethylene, polyarylate, polyamideimide, polyphenylene 
sulfide, polyether ether ketone, pdyoxybenzorete, polyvinyl chloride., polyvinyl acetate, polyacetal and polycar- 
bonate. 

(5) As the resin composite of thernx)setting resin or photosensitive resin and thermoplastic resin, PES-modified 
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y 

epoxy resin. PES-modified acrylic resin and the like are preferably used. 

(6) As the;photoinitiator, there is preferably used at least one of 0 intramolecular bond cleavage type comp^Dund 
such as benzoisobutyl ether, benzyldimeihyl ketal. diethoxyacetophenone. acyloxym ester, chlorinated acetophe- 
none. hydroxyacetcphenone or the like, and @ internioiecular hydrogen drawing type compound such as benzo- 

5 phenone. Michtar ketone, dibenzosuberone. 2-ethyl anthraquinone. isobutyt thioxane or the tike. 

(7) As the photoinitiator pronriotor, there is preferably used at least one of triethanol amine. methykJiethanol amine, 
triisopropanoi amine, Michlar ketone, 4.4-diethylamino benzophenone, 2-dimethylaminoethyl benzoic acid, 4- 
dimethylamino benzoic acid ester, (n'butoxy)ethyl 4-dimethylamlno benzoate, isoamyl 4-dimethylamino benzoate. 
2-ethylhexyl 4-dim6thylamirK) benzoate, pdymerizable tertiary amine and the like. 

10 (8) As the curing agent. DICY, amine curing agent, acid anhydride, imidazole curing agent artd the like are favorably 
used in case of epoxy resin and its photosensitized product. Particularly, it is preferably to contain 2-10 wt% of the 
imidazole cu'rirtg agent as a solid content. When the content of the imidazole curing agent exceeds 10 wt%. the 
resin is too cured and becomes brittle, while when it is less than 2 wt%, the curing of the resin is insufficient and 
the satisfactory resin strength is not obtained. As the curing agent for the other thermosetting resin, there are used 

15 the conventionally Known ones. 

As the heat-resistant resin used in the resin insulating layer according to the invention, the resin containing no sol- 
vent can be used as it is, but the resin dissolved in the solvent can advantageously be used in case of particularly pro- 
ducing the sheet-like resin insulating layer because the adjustment of the viscosity is easy and the resin particles can 
20 uniformly be dispersed and the application is easy to the base film. 

As the solvent dissolving the heat-resistant resin, mention may be made of usual solvents such as methylethyl 
ketone, methylcellosolve, ethylcellosolve. butylcellosolve. butylcellosolve acetate, butyl carbitol. butytcellulose. tetratine. 
dimethytformamide, normalmetiiyl pyrolidone and the like. 

Moreover, the heat-resistant resin may properly be compounded with additives such as coloring matter (pigment). 
25 leveling agent, anti-foaming agent, ultraviolet ray absorbing agent, flame retarder and the like, or other filler. 

A secorxj feature of the invention lies in a point that a resin is filled in a concave portion of conductor useless part 
removed from the conductor circuit as a lower layer formed by so-called subtractive process of etching the substrate 
provided with the conductor layer to remove the conductor useless part at the same level as the surface of the conduc- 
tor circuit. 

30 According to the structure that the conductor circuit is formed as a lowest layer through the subtractive process and 
the resin is filled in the concave portion of the removed conductor layer, the surface of the substrate provided with the 
conductor circuit becomes smooth, and the resin insulating layer having a unifam thickness can be formed on such a 
substrate by the application. As a result, the thickness of the resin insulating layer becomes uniform and the exposixe 
and development conditions can be unified and hence the peeling of the resin insulating layer by the poor devetopment 

35 or excessive development is not created. Therefore, when plural conductor circuit layers are laminated thereon through 
the additive process, each conductor layer becomes smooth and the shape of the viahole is not distorted and hence 
the multilayer printed circuit board having excellent connection reliability and nrtounting reliability can stably be provided. 

In such a structure according to the invention, the resin filled in the concave portion of the conductor useless part 
removed is desirable to be a non-solvent resin. Because, the durability is improved without causing the peeling from the 

40 resin insulatinQ layer by gradually evaporating solvent through heat from an electronic part nnounted. 

Further, in the structure according to the invention, the resin filled in the concave portion of the conductor useless 
part removed is desirable to contain a ceramic filler. Because, when it contains the ceramic filler, the curing shrinkage 
is small and the warping of the substrate is small. Furthermore, the thermal expansion coefficient is small and the resist* 
ance to heat cycle is improved. Moreover, the water absorbing ratio is small and the resistance to base and the insula- 

45 tion property are inproved. 

As the filling resin, there are preferably used epoxy resins (molecular weight: about 150-180) of bisphend A-type 
and bisphenol F-type. Because they are soft and are relatively easy in the polishing. 

As the ceramic filler, silica, alumina, zirconia and tiie like are favorably used. The particle size of the ceramic filler 
may be about 0.5-2.0 ^m. When tiie particle size is too fine, tiie viscosity of the filling resin is too high and tiie applica- 

so tion is difficult, while when it becomes too rough, the smoothness is lost. 

The best embodiment of the multilayer printed circuit board according to the invention is a multilayer printed drcuit 
board comprising upper and lower layers of conductor circuit and a resin insulating layer electrically insulating therebe- 
tween, characterized in that the conductor circuit of the lower layer is formed by subjecting a substrate provided with a 
conductor layer to an etching treatment to renxtve a corxluctor useless portion, and a concave portion formed by the 

55 renx3vat of the conductor useless portion is filled with a resin so as to be the same plane as the surface of the conductor 
circuit, and the resin insulating layer is constituted witii a composite layer comprised of an insulating layer made from a 
heat-resistant resin hardly soluk)le in acid or oxidizing agent as a lower layer and an adhesive layer for electroless plat- 
ing made from a heat-resistant resin as an upper layer, and the conductor circuit of the upper layer is formed on the 
adhesive layer constituting tiie upper layer of the resin insulating layer. 
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On the conductor circuit formed on the substrate through the subtractive process are successively formed the insu- 
lating layer and the adhesive layer to form a the resin insulating layer of the two layers, which is simultaneously cured 
(exposure treatment) and developed for the formation of an opening for viahole. Therefore, if the surface of the sub- 
strate provided wrth the conductor circuit of the lower layer is not smooth, there Is caused an unevenness at the bound- 
5 ary lace between the insulating layer as the lower layer and the adhes.v e layer as the upper layer. In this case, there is 
caused no problem under the usual service condition, but when the printed circuit board is used under conditions of 
high tenperature, high humidity and the like, the resin absortjs water or expands through heat arxl hence stress con- 
centration may be caused at the boundary face between the insulating layer as the lower layer and the adhesive layer 
for eledroless plating as the upper layer to create the peeling. 

10. In the multilayer printed circuit tx)ard of the atx)ve structure according to the invention, however, the surface of the 
sitebBte provided with the conductor circuit of the lower layer is smoothened by the filling resin, so that the peeling of 
tfie insulating layer arxJ the adhesive layer through the heat expansion or water absorption as mentioned above can 
completety be prevented. 

Fwlher, in the multilayer printed circuit board of the above structure according to the invention, the insulating layer 
15 as the lower layer can be rendered into a structure that heat-resistant resin particles soluble in acid or oxidizing agent 
and having an average particle size of 0. 1 -0.6 ^m are dispersed in the heat-resistant resin hardly soluble in acid or oxi- 
dizing agent. According to this structure, the fine resin particles dispersed in the resin matrix and having an average 
partide size of 0.1-0.6 ^m do not communicate with each other through the roughening treatment as previously men- 
tioned or do not cause the poor insulation even if they are roughened Furthermore, the development residue can be 
so removed without lowering the resolution of the resin insulating layer and hence the adhesion property to the viahole can 
be improved. 

The method of producing the multilayer printed circuit board according to the invention is characterized by compris- 
ing the following steps (a) - (e) in the production of the multilayer printed circuit board electrically insulating the conduc- 
tor circurts of the upper and lower layers through the resin insulating layer 

25 

(a) step of forming the conductor circuit of the lower layer by etching the substrate provided with the conductor layer 
to remove the corxluctor useless portion. 

(b) step of applying a resin to the substrate having the concave portion formed by the removal of the conductor use- 
less portion and thereafter curing the resin. 

30 (c) step of polishing the resin cured in the step of the item (b) until' the conductor circuit of the lower layer is 



(d) step of forming the resin insulating layer. 

(e) step of forming the conductor circuit of the upper layer on the resin insulating layer. 

35 An embodiment of the production method of the multilayer printed circuit board according to the invention will con- 
cretely be described below. 

(1) At first, the conductor circuit of the lower layer is formed on the substrate by subjecting the substrate provided 
With tlie corxluctor layer to an etching treatment according to the step (a). 

40 The etching treatment of the substrate is can-ied out. for example, by subjecting a copper lined laminate to light 

exposure and development to form a photosensitive etching resist and immersing in an etching solution such as 
copper chloride to remove the useless portion of the conductor layer and leave only a necessary conductor circuit 
portion. 

(2) The resin is applied to the substrate having the concave portion through the removal of the conductor useless 
45 portion obtained in the step (a) and cured to f HI the resin in the concave portion, and further the surface of the filling 

resin is po'ished so as to be the same plane as the surface of the conductor circuit until the conductor circuit of the 
lower layer is exposed. 

As the resin filling in the concave portion, the use of non-solvent resin is desirable., Because, when using the 
resin containing the solvent, as the resin insulating layer is applied and dried under heating, the solvent is evapo- 
50 rated from the filling resin filled for the smoothening to cause the peeling between the filling resin and the resin insu- 
lating layer As the filling resin, there is preferably used bisphenol A-type or bisphenol F-type epoxy resin (molecular 
weight: about 150-180) because It is soft and relatively easy in the polishing. 

Further, the filling resin is desirab>le to contain ceramic filler such as silica, alumina, zirconia'or the like. 
Because, the presence of the ceramic filler makes the cure-shrinking small and pre\'ents the warping of the sub- 
55 strate. Desirably, the ceramic filler having a partide size of abou\ 0.5-2^0 nm is used. When the partic(e size is too 
fine, the viscosity of the filling resin becomes higher and the application thereof is difficult, while when it is too 
rough, the smoothness is lost. 

Thepclishing of the filling resin is desirable to be carried out at a state of not completely curing .th^ resin. That 
is. the filling resin' is desirable to be cured at a pdishable state (60-80% of all functional groups is cured) but at a 

■ i 
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State of being not completely cured because it is soft and easy in the polishing. 

Moreover, the polishing of the filling resin can be carried out by a belt sander method, a buff polishing method 
or the like 

(3) The' resin insulating layer is formed on the surfa'ce of the substrate filling the resin in the concave portion 
£ between the ^conductor circuits (see the step (d)). 

Since the resin insulating layer is formed on the surface of the siiDstrate treated through the steps (a) - (c). the 
thickness is; uniform and hence an opening for viahble can be formed with a high dimensional accuracy. As a re&uK. 
the poor insulation due to the overetching, poor shape or the like is not caused in the viahote to be formed through 
the additive process, and also the surface of the upper conductor circuit layer becomes smooth and the connection 

10 reliability and mounting reliability are excellent. * 

In the lnvention. the resin insulating layer is preferat)le to be a composite layer comprised of an insulating layer 
made from a heat-resistant resin hardly soluble in acid or oxidizing agent as a lower layer and an adhesive layer for 
electroless plating made from a heat-resistant resin as an upper layer. In this case, the curing of the resin insulatirig 
layer forming the opening for the viahole is carried out by simultaneously curing the insulating material anj the 

15 adhesive, in this point, according to the invention, the kirface of the lower conductor circuit layer is smoothenedby 
the filling resin as previously mentioned, whereby the peeling of the adhesive layer and the insulating layer in the 
cure-shrinking can be prevented. Here, the heat-resistant resin constituting the resin insulating layer is constructed 
by properly compounding a thermosetting resin, a thermosetting resin partly imparting the photosensitivity, a pho- 
tosensitive resin, a resin composite of thermosetting resin or photosensitive resin and thermoplastic resia a pho- 

20 toinitiator. a photoinitiator promoter, a curing agdht and the like, and H necessary, adding heat-resistant reein 
particles. 

In the production method of the multilayer printed circuit board according to the invention, the insulating layer 
as the lower layer can be rendered into a structure that heat-resistant resin particles solut:>le in add or oxkfzing 
agent arKl having an average particle size of 0.1-0.6 ^m are dispersed in the heat-resistant resin hardly soluble in 

25 acid or oxidizing agent. Accading to this structure, the fine resin particles dispersed in the resin matrix and having 
an average particle size of 0.1-0.6 ^m do not communicate with each other through the roughening treatment as 
previously mentioned or do not cause thie poor insulation even if they are roughened. Furthermore, the develop- 
ment residue can be removed without lowering the resolution of the resin insulating layer and hence the adhesion 
property to the viahole can be improved. 

30 Particularly, the fornrtation of the opening for the viahole in the resin insulating layer (composite layer) made 

from the photosensitized heat-resistant resin is carried out. for example, by the following method. 

0. The insulating material is applied onto the substrate provided with the conductor circuit by means of a roll 
coater or the like, dried, exposed and developed to obtain the insulating layer provided with the opening for the 

35 viahole (BHV). Then, the adhesive for electroless plating is applied onto the insulating layer by means (A a roll 

coater or the like, dried, exposed and developed to obtain the adhesive layer provided with the smaller size 
opening for BVH at the same position as the opening for 6VIH in the insulating layer. Next, these layers are 
simultaneously photocured and thermoset to form the opening for the viahole in the resin insulating layer con- 
stituted with the composite layer consisting of the insulating layer and the adhesive layer. 

40 0. The insulating material is applied onto the substrate provided with the conductor circuit by means of a roll 

coater and dried to obtain the insulating layer at B-stage state. Then, the adhesive for electroless plating te 
applied onto the insulating layer by means of a roll coater and dried to obtain the adhesive layer at B-stage 
state. Thereafter, these layers are simultaneously' exposed and developed to form the opening for the viahole. 

45 As the method of forming the resin insulating layer on the substrate, a method of sticking a resin film fonmed by 

rerxiering the material for the layer into a film shape or a prepreg formed by impregnating the material for the layer 
in ftoers can be adopted in addition to the above application method. 

(4) Then, the surface of the rein insulating layer formed in the above item (3) is roughened according to usual man- 
ner using acid or oxidizing agent and a catalyst is applied and fixed to the roughened surface of the resin ir«ulatihg 

so layer. Next, if necessary, a resist printed into a given pattern is formed, and the catalyst is activated by an acid treat- 
ment and thereafter the electroless plating is conducted to form the conductor circuit of the upper layer. Further, the 
insulating material, adhesive and the like are applied onto the upper conductor circuit layer to gradually build tp a 
subsequent layer, whereby the desired nnuttilayer printed circuit board is obtained. 

55 The roughening of the resin insulating layer can be can'ied out by immersing the substrate provided with the resin 
insulating layer in a solution of the oxidizing agent or the like, or by spraying the solution of the oxklizing agent or the 
like onto the surface of the resin insulating layer. 

As the acid roughening the resin insulating layer, use may be made of hydrochloric acid, sulfuric acid and organic 
acids, while the oxidizing agent may include chromic acid, chromate, permanganate, ozone and the like. 
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As the method of electroless plating, mention may be made of electroless cofiper plating, electroless nickel plating, 
electroless tin plating, electroless goW plating, electroless silver plating and the like. Among them, at least one of elec- 
troless copper plating, electroless nickel plating and electroless gold plating is p eferable. Furthermore, different elec- 
troless plating or electrolytic plating or soldering may be applied to the above electroless plated film. 

5 In the invention, the surface of the resin Insulating layer is smooth, so that the? thickness of the plating resist formed 
by applying the liquid plating resist is uniform and the resolution thereof is improved. Therefore, after the formation of 
the upper corxJuctor circuit layer, the surface of this layer is further polished so as to render the surfaces of the plating 
resist and the upper conductor circuit layer into the same plane. Thus, the surfacs of the multilayer printed circuit board 
can be always smoothened even if the building-ip of the conductor circuit layer through the additive process is 

10 repeated. In the building-up of the conductor circuit layer, therefore, it is possible to prevent the accumulation of une- 
venness. As a resuH. even if a fine part is attached to the multilayer printed circuit board, since the surface of the board 
is smooth, the terminals of the part can adequately be connected without floating and hence the mounting reliability can 
t>e Inproved. However, the smoothening through polishing is carried out only to the conductor circuit layer built up by 
the subtractive process but is not applied to the conductor circuit layer built up by the subsequent additive process, 

15 which is effective to reduce the production cost for the multilayer printed circuit board. 

(Example 1) 

(1) 70 parts by weight of a 50% acrylated product of cresol novolac type epo<y resin (made by Nippon Kayaku Co., 
so Ltd.), 30 parts by weight of bispherx)! A-type epoxy resin (made by Yuka Sh'Bll Co., Ud ), 5 parts by weight of ben- 

zophenone. 0.5 part by weight of Michlar ketone, 60 parts by weight of benzoguanamine filler (made by Nippon 
Shokii3ai Co.. Ltd., trade name: Eposter, 0.5 ^m) as an organic resin filler 10 hardly soluble in an imidazole curing 
agent and oxidizing agent are mixed and added with butylcellosolve acetate to adjust a viscosity to 30 pa • s in a 
homodisper agitating nwchine, which are further kneaded through three rolls to obtain an insulating material. 

2S (2) 70 parts by weight of a 50% acrylated product of cresol novolac type epo <y resin (made by Nippon Kayaku Co. , 
Ud.). 30 parts by weight of bisphenol A-type epoxy resin (made by Yuka Shell Co. Ltd.). 5 parts by weight of ben- 
zophenone. 0.5 part by weight of Michlar ketone, 60 parts by weight of benzoguanamine filler (made by Nippon 
Shokubai Co.. Ltd., trade name: Eposter, 0.5 nm) as an organic resin filler 10 hardly soluble in an imidazole curing 
agent and oxidizing agent are mixed and added with butylcellosolve acetate to adjust a viscosity to 30 pa • s in a 

30 homodisper agitating machine, which are further kneaded through three rolls to obtain an insulating material. 

(2) 70 parts by weight of a 50% acrylated product of cf esol novolac type epo<y resin (made by Nippon Kayaku Co., 
Ud.). 30 parts by weight of bisphenol A-type epoxy resin (made by Yuka Shell Co., Ltd.). 5 parts by weight of ben- 
zophenone, 0.5 part by weight of Michlar ketone, 20 parts by weight at 5.5 pm and 10 parts by weight at 0.5 \im of 
epoxy resin filler (epoxy resin filler using an amine curing agent) as a heat-resistant resin partde 1 1 soluble in an 

35 imidazole curing agent and oxidizing agent are mixed and added with butylcellosolve acetate to adjust a viscosity 
to 30 pa • s in a homodisper agitating machine, which are further kneaded tht ough three rolls to obtain an adhesive. 

(3) The insulating material obtained in the above item (1) is applied onto a substrate 1 provided with a copper pat- 
tern formed by etching at a thickness of 40 ^m by means of a roll coater, d'ied, exposed and developed to obtain 
an insulating layer 2 provided with an opening for blind viahole (BVH). 

40 (4) The adhesive olJtained in the above item (2) is applied onto the insulating layer 2 obtained in the above item (3) 
at a thickness of 20 ^im by means of a roll coater, dried, exposed artd developed to obtain an adhesive layer 3 pro- 
vided with an opening for BVH having a size smaller than t^t of the opening for BVH of the insulating layer in the 
Scune positkjn as the opening for BVH of the insulating layer. Then, the insulating layer 2 and the adhesive layer 3 
are photocured and thermoset (photocuring: 3 J/cm^, setting: 80°C x 1 hou -i- lOO^'C x 1 hour + 120°C x 1 hour + 

45 150*C X 15 hours) to obtain a resin insulating layer provided with an opening 8 for BVH having a diameter of 70 
unid. 

(5) Then, the surface of the resin insulating layer is roughened according to jsual manner using an oxidizing agent 
arxJ thereafter Pd catalyst is applied onto the roughened surface of the. resin insulating layer, which is heat-treated 
to foe a catalyst nucleus. 

50 (6) Next, the substrate is preheated to 80°C and a plating resist 4 (dry film resist) is heat-pressed thereonto at 
100*C. which is then exposed, developed. UV-cured and heat-treated in the 'jsual manner to form a resist 4 printed 
with a given pattern. Moreover, 1 .1 ,1 -trichloroethane is used as a developing solution. 

(7) After the catalyst is activated by an acid treatment, electroless plating is carried out by inmersing in an electro- 
less copper plating solution having a composition shown in Table 1 according to usual manner to form necessary 
55 conductor patterns 5, 6, 5'. 6' and viahole (BVH) 9 (see Fig. 1(a)). Further, the steps on and after the above item 
(3) are repeated 2 times to produce a multilayer printed circuit board having 4 conductor layers. 

In this example, the fonmations of the openings for BVH in the lower layer a'xJ the upper layer are carri.ed out sep- 
arately, Ixjt these formations may simultaneously be made. The latter case, is as shown in Fig. 1(b). 
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polishing paper of #600 (made by Sankyo Rikagaku Co. . Ltd.) in a belt sander so as not to leave the filling resin on 
the surfacie of the innerlayer copper pattern. Then, butt polishing is carried out for rennoving scratches aeated by 
the belt sander. Such a series of polishings are carried out on the other surface of the substrate likewse the above 
case. Then, the filling resin 14 filled in the through-holes 13 is completely crosslinked by heating at 150**C for 3 
hours to obtain the substrate smoothened on both surfaces by the filling resin 14 (see Fig. 3(d)). Moreover, there 
can be adopted a method of carrying out belt sander polishing and subsequent buff polishing or a nnethod of car- 
rying out only the buff polishing so as to slightly leave the filling resin 14 on the surface of the innerlayer copper 
pattern. 

(5) On the other hand, the insulating material is obtained by mixing 70 parts by weight of a 25% acrylated product 
of cresol riovolac type epoxy resin (made by Nippon Kayaku Co., Ltd.), 25 parts by weight of polyether sulphone 
(made by Mitsui Toatsu Co., Ltd.), 4 parts by weight of benzophenone. 0.4 part by weight of Michlar ketone and an 
imidazole curing agent and adding normalmethyl pyrolidone (NMP) to adjust a viscosity to 30 Pa • s in a homod'ts- 
per agitating machine and kneading them through three rolls. 

(6) 70 parts by weight of a 25% acrylated product of cresol novolac type epoxy resin (made by Nippon Kayaku Ca, 
Ltd. molecular weight: 2500). 30 parts by weight of polyether sulphone (made by Mitsui Toatsu Co.. Ud.), 5 parts 
by weight of benzophenone (made by Kanto Kagaku Co.. Ltd.) as a photoinrtiator. 0.4 part by weight of MicHar 
ketone as a photoinrtiator. 4 parts by weight of an imidazole curing agent (made by Shikoku Kasei Co, LkJ. trade 
name: 2E4MZ-CN), 10 parts by weight of caprdactone-modified tris(acroxyethyl)isocyanurate (made by Toa Qosei 
Co., Ltd. trade name: Aronix M325) as a photosensitive monomer, 35 parts by weight at 5.5 fim and 5 parts by 
weight at 0.5 jxm of epoxy resin filter (made by Toray Co., Ltd. trade name: Torepearl) as a heat-resistant resin p^- 
tide 1 1 soluble in acid or oxidizing agent are mixed and added with normalmethyl pyrolidone (NMP) to adjust a vis- 
cosity to 2000 cps in a homodisper agitating n^achine and further kneaded through three rolls to obtain a 
photosensitive adhesive. The photosensitive adhesive is formed by dispersing the heat-resistant resin parides 11 
soluble in a roughening sdution such as chromic acid, phosphoric acid or the like into the resin matrix hardly solu- 
ble in the roughening solution. 

(7) The insulating material obtained in the item (5) is applied onto both surfaces of the substrate snrx)othened in the 
item (4) by means of a roll coater and left at a horizontal state for 20 minutes and dried at 60*C (prebaked) to farm 
an insulating layer 2 (see Rg. 3(e)). 

Further, the photosensitive adhesive' obtained in the item (6) is applied onto the insulating layer 2 by means of 
a rdl coater. left at a horizontal state for 20 minutes and dried at GO'^C (prebaked) to form an adhesive layer 3 (see 
Fig, 3(0). 

(8) A polyethylene terephthalate (PET) film provided on a back surface with a tackifier is stuck on both surfaces of 
the substrate provided with the insulating layer 2 and the adhesive layer 3 in the item (7) to shut off contacting with 
oxygen obstructing the polymerization reaction. Then, a photomask film printed with viahdes is placed thereonto, 
which is exposed to a light from a superhigh pressure mercury lamp of 400 mJ/cm^. After the photomask fim is 
taken out, the substrate is exposed to a light from a superhigh pressure mercury lamp of about 3000 mJ/cm^. After 
the peeling d the PET film, the substrate is developed with triethylene glycol dimethylettner (DMTG). Thereafter, 
heat treatment is carried out at 1 50°C for 5 hours (postbaked) to form a resin insulating layer (two-layer structure) 
of 50 ^m provided with an opening (opening for the formation of viahole) 8 having an excellent size accuracy cor- 
responding to the photomask film (see Fig. 3(g)). 

(9) The surface of the resin insulating layer is roughened by using a roughening sdution such as chromic add. 
potassium permanganate or the like according to usual manner. Concretely, the substrate provkled with the resin 
insulating layer is immersed in chromic add at 70°C for 20 minutes to dissdve and remove the heat-resistant resin 
particles dispersed in the surface of the adhesive layer constituting the resin insulating layer, whereby the rough- 
ened surface provided with many fine anchors is formed on the surface of the adhesive layer. 

(10) A catalyst nucleus required for initial precipitation of eledroless plating metal is given to the suriace of the resin 
insulating layer roughened in the item (9) by treating in a solution of PdCl2 • 2H20: 0.2 g/l. SnCl2 • 2Hfi: 15 g/l, HCI: 
30 g/l, and then a commercially available liquid photoresist is applied to the surface of the resin insulating layer at 
a thickness d 60 ^m, dried and siisjected to tight exposure and development to form a plating resist 4 (ine width 
50 Jim). 

(11) After the catalyst nudeus is activated by treating with an aqueous solution of 100 g/l sulfuric add. a prinnary 
plating is earned out by using an electrdess copper-nickel alloy plating bath haying the fdlowing composHion to 
form a copper-nickel -phosphorus plated thin film having a thickness of about 1 .7 jim on the norvresist formed por-^ 
tion. In this case, the temperature of the plating bath is 60°C and the plating invnersion time is 1 hoitf. t 

- ♦ 
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r 

i 



Metal salt 


CUSO4 • 5H2O 


6.0 mM(1.5 g/l) 




NiS04 • 6H2O 


95.1 mM (25 g/l) 


Complexing 

agent NajCeHsO? 


0.23 M (60 Qf\) 


Reducing 

agent NaPH202 • HgO 


0.19 M (20 g/l) 


pH adjusting agent NaOH 


0-75 M (pH = 9.5) 


Stabilizer 


lead nitrate 


0.2 mM (80 ppm) 


Surfactant 




0.05 g/l 


Precipitation rate 


1.7 ^m/hr 



(12) The substrate subjected to the primary plating treatment is taken out from the plating bath ar>d washed with 
20 water to remove the plating solution remained on the surface thereof, which is treated with an acidic solution to 
remcMe oxide film from the surface layer of the copper-nickel-phosphorus thin film. Thereafter, the copper -nickel- 
phosphorus plated thin film is subjected to a secondary plating by using an electroless copper plating bath having 
the foikMving composition without conducting Pd substitution, whereby necessary conductor patterns 6, 6' and via- 
hoie (BVH) 9 are formed (see Fig. 3(h)). In tNs case, the temperature of the plating bath Is 50**C-70*'C and the plat- 
2S Ing immersion time is 90 minutes-360 minutes. 



Metal saH CUSO4 • SHgO 


8.6 mM 


Complexing agent TEA 


0.15M 


Reducing agent HCHO 


0.02 M 


Others stabilizer (bipyridyl, potassium ferrocyantde and the like) 


small 


Precipitation rate 


6 MoVhr 



(13) Both surfaces of the substrate provided with the conductor patterns 6, 6' and viahole (BVH) 9 in the items (1 1) 
(12) are polished with a #600 belt polishing pater in a belt sander and further buff-polished. In this case, the polish- 

40 ing is carried out so as to align the surface of the plating resist 4 with the surface of the conductor layer 6, 6* at the 
same plane. 

(14) The steps of the Items (7)-(13) are repeated to produce a multilayer printed circuit board having 6 layers on 
each surface (see Ftg. 3(i)). 

45 The intertaminar insulation resistance, BVH resolution and heat cyde property are evaluated under the conditions 
as mentioned above with respect to the thus obtained multilayer printed drcurt board. As a resuH, the interlaminar insu- 
lation resistance is 3.1x10'' ^ a and the BVH resolution is 80 ^m. and the cracking is not aeated until 2000 times in the 
heat cyde test. 

Further, when PCT (pressure cooker test) test is carried out together with the multilayer printed circuit k>oard 
so obtained in Example 4 as a comparative material, the peeling between the adhesive layer and the insulating layer is not 
otaeerved in the tx>ard of this example. However, in the t>oard of Example 1 , there is observed a slight peeling (swelling) 
between the adhesive layer and the insulating layer Although the reason is not clear, It is presumed that the board of 
Example 4 not filled with the filling resin in the concave portion between the conductor drcurts has no problem under 
usual use conditions Ixrt when it is placed under conditions of high temperature and high humidity as in the PCT test. 
55 since the txHJndary between the adhesive layer and the insulating layer is uneven, the resin exparxJs due to thermal 
expansion and water absorption arxi hence stress concentrates in the uneven portion to cause the peeling. 

Moreover, the PCT test is carried out by leaving the specimen to stand under conditions of 2 atnx)spheric pressure, 
temperature of 121 ''C and humidity of 100% for 200 hours. 
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(Example 11) 

In the hem (5) of Example 10. 30 parts by weighi of epoxy resin particles (made by Toray Co., Ltd. trade name: 
Torepearl) having an average particle size of 0.3-0.5 \\n) are compounded into the insulating material as a heat-resistant 
resin particle 11 soluble in acid or oxidizing agent. Further, the development of the interlaminar insulating n^terial 
{adhesive and insulating material) is carried out by adopting a method of spraying to a vertically stood substrate (which 
means that normal vector of the substrate is perpendicular to vector of gravity). Thus, the multilayer printed circuit board 
is produced in the same manner a in Example 10. 

The interlaminar insulation resistance, BVH resolution and heat cycle property are measured with respect to the 
thus obtained multilayer printed circuit txiard. As a result, the interlaminar insulation resistance is 3.2x10^^ fl, and the 
BVH resolution is 90 pm, and the cracking is not created until 2000 times in the heat cycle test. Further, the peeling is 
not observed when the PCT test is carried out in the same manner as in Example 9. 

In Example 11. the development residue is not ot>served though the spray development method is adopted whie 
vertically standing the substrate. 

The method of spraying the developing solution while vertically standing the substrate is very efficient in the pro- 
duction of both-side muftilayer printed circuit board, ar-.d also the product is not affected by gravity and there is caused 
no difference in the properties between the front and back surfaces. Inversely, there may be slightly caused the occur- 
rence of development residue In accordance with the intensity of the spraying and the hitting of the developing solution, 
but it is considered that slight development residue may be removed at the roughening step in the sut^strate of Exanple 
11. 



Table 4 



Example 


4 


7 


8 


9 


10 


11 


Heat cycle 


2000 times OK 


1200 times 
crack 


1 200 times 
crack 


1200 times 
crack 


2000 times OK 


2000 times OK 


BVH resolu- 
tion 


80 ^im 


80 Jim 


80 iim 


80 ^m 


80 Jim 


90 


Interlaminar 
insulation 
resistance (x 


3.2 


3.1 


3.0 


3.1 


3.1 


3.2 


PCT test 

1 


peel 








no peel 


no peel 



INDUSTRIAL APPLICABILITY 

i 

As mentioned atx>ve. according to the invention, even when the innermost layer of the corxJuctor circuit is formed 
by the etching treatment through the subtractive process, there is no unevenness on the surface, and also even if the 
thickness of the resin insulating layer is thin, the peel strength is not lowered, whereby there can stably be provided the 
multilayer printed circuit boards having excellent resolution, interlaminar insulation property and resistance to cool-heal 
shock. 

Therefore, the multilayer printed circuit board according to the invention 
INDUSTRIAL APPLICABILITY 

As mentioned above, according to the invention, even when the innermost layer of the conductor circuit is fornned 
by the etching treatment through the subtractive process, there is no unevenness on the surface, and also even if the 
thickness of the resin insulating layer is thin, the peel strength is not lowered, whereby there can stably be provided the 
multilayer printed circuit boards having excellent resolution, interlaminar insulation property and resistance to cool-heat 
shock. 

Therefore, the multilayer printed circuit board according to the invention exhibits excellent adaptability in many 
fields requiring high performance and densification of electronic parts. 
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Claims 

1 . A mMiayer printed circurt board comprising an upper conductor circuit layer, a lower conductor circuit layer and a 
resin insulating layer electrically insulating bo\h the conductor circuit layers, characterized in that said resin insulat- 

5 ing layer is comprised of a composite layer consisting of an insulating layer made from a heat-resistant resin hardly 
soluble in acid or an oxidizing agent as a lower layer and an adhesive layer for efectroless plating made, from a heat- 
resistant resin as an upper layer. 

2. A miMlayer printed circuit board according to claim 1 , wherein the insulating layer contains a thermoplastic resin. 

TO 

3. A nruHitayer printed circuit board according to claim 1 , wherein the insulating layer is a heat-resistant resin contain- 
ing an organic resin filler hardly soluble in the acid or oxidizing agent. 

4. A nruitilayer printed circuit board according to claim 1 , wherein the adhesive layer is an adhesive formed.by dispers- 
es ing particles of a heat-resistant resin soluble in the acid or oxidizing agent into a matrix of a heat-resistant resin 

haftfly soluble in the acid or oxidizing agent. 

* 

5. A multilayer prirtted circuit board according to claim 1 , wherein the adhesive layer has a thickness of 1 0-50 and 
the insulating layer has a thickness of 1 0-1 00 \im. 

20 

6. A multilayer printed circuit board according to claim 3, wherein the organic resin filler is particles of a heat-resistant 
resm hardly soluble in the acid or oxidizing agent and has a maximum particle size corresponding to not nr>ore than 
8/10 of the thickness of the insulating layer and an average particle size corresponding to not more than 1/2 of the 
ttiicfcness of the insulating layer. 

2S 

7. A multilayer printed circuit board according to claim 3, wherein the filling amount of the organic resin filler is 10-100 
parts by volume per 100 parts by volume of the heat-resistant resin. 

8. A nuttilayer printed circuit board according to claim 3. wherein the organic resin filler is made from at least one 
30 resin selected from the group consistir>g of epoxy resin, benzoguanamine resin, styrene resin, drvinylbenzene resin 

and polyimide resin. 

9. A multilayer printed circuit board according to claim 1 , wherein particles of a heat-resistant resin soluble in the acid 
or oxidizing agent and having an average particle size of 0.1-0.6 ^m are dispersed into the insulating layer as the 

35 lower layer. 

10. A multilayer printed circuit board comprising an upper conductor circuit layer, a lower conductor circuit layer and a 
resin insulating layer electrically insulating both the conductor circuit layers, characterized in that said lower con- 
ductor ctrcurt layer is formed by etching a substrate provided with a conductor layer to rerrrave a conductor useless 

40 portion therefrom, and a resin is filled in a concave portion formed by removing the conductor useless portion so 
that the surface of tiie resin is same as the surface of the lower conductor circuit layer. 

11. A multilayer printed circuit board according to daim 10, wherein the resin filled in the corx;ave portion formed by 
renKving the conductor useless portion is a cured product of non-solvent resin. 

45 

12. A nuttilayer printed circuit t>oard according to daim 10, wherein the resin filled in the concave portion formed by 
renfKiving the conductor useless portion contains a ceramic filler. 

IX A nuitilayer printed circuit board comprising an upper conductor circuit layer, a lower corxJuctor drcutt layer and a 
so resin irtsulating layer electrically insulating both the conductor circuit layers, characterized in that said lower con- 
ductor circuit layer is formed by etching a substrate provided with a conductor layer to remove a cor>duc1or useless 
portion therefrom, and a resin is filled in a concave portion formed by renxjving the conductor useless portion so 
ttiat the surface of tiie resin is same as the surface of the lower corductor circurt layer and said resin insulating 
layer is conprised of a composite layer consisting of an insulating layer made from a heat-resistant resin hardly sol- 
55 ubie in acid or an oxidizing agent as a lower layer and an adhesive layer for electroless plating made from a heat- 
resistant resin as an upper layer, and said upper conductor circuit layer is formed on said adhesive layer constitut- 
ing tiie upper layer of said resin insulating layer 

14. A multilayer printed circuit board according to daim 13, wherein the resin filled in the concave portion formed by 
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removing the corxluctor useless portion is a cured product of non-solvent resin. 



15. A multilayer printed circuit board according to claim 13, wherein the resin filled in the concave portion iormed by 
removing the conductor useless portion contains a ceramic filler. 



1 6. A nrultilayer printed circuit board accading to claim 1 3, wherein particles of a heat-resistant resin soluble in the acid 
or oxidizing agent and having an average particle size of 0. 1 -0.6 urn are dispersed in the insulating layer made from 
the heat-resistant resin hardly soluble in acid or oxidizing agent. 

10 17. A method of producing a multilayer printed circuit board comprising an upper conductor drcut layer, a lower oorh' 
ductor circuit layer and a resin insulating layer electrically insulating both the conductor circuit layers, which com- 
prises the following steps (a) -(e): ! 



18. A method of producing a multilayer printed circuit board according to claim 17. wherein said resh insulating layer 
formed in the step (d) is a composite layer consisting of an insulating layer made from a heat-f esistant resin haidly i 
soluble in acid or an oxidizing agent as a lower layer and an adhesive layer for electroless plating made from a heal- j 



19. A method of producing a multilayer printed circuit board according to claim 18. wherein particles of a heat-resistant : 
resin soluble in the acid or oxidizing agent and having an average particle size of 0. 1 -0.6 Mm are dispersed In the ^ 
insulating layer nr^de from the heat-resistant resin hardly solitie in add or oxicfizing agent ^'^ ' 
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resistant resin as an upper layer. 
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Fig. 1 
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